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(red), monomer-monomer (green), and dimer-dimer (blue). A mixture of 50.4% dimer and 49.6% monomer produced the minimum discrepancy between the experimental and calculated scattering curves. 
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Fit of data to models
The data sets were collected over two synchrotron runs, one consisting of modulator concentration-dimerization curves at three ligand-binding domain (LBD) concentrations and the other consisting of a more extended modulator concentration-dimerization curve at a single LBD concentration and a LBD concentration-dimerization curve at a single modulator concentration. All five data sets were fit simultaneously to Equations S6 and S14 using a SIMPLEX algorithm to minimize the sum of squares. The equations are all in terms of the free modulator concentration (L), but only the total modulator concentration is known from the data. For each iteration in the minimization process, a full dimerization curve (1000 points) was generated, and the total modulator concentration (free plus bound) was determined for each point. A linear interpolation was then used to determine a calculated fraction of dimer for each total modulator value in the data set, which in turn allowed the calculation of the sum of squares. The data were well fit with a single K 4 for all three modulators, and K 3 values specific to each modulator. The K 3 values were well determined by the data, but fitting using fixed values of K 4 , suggested that the value was not well constrained by the data, in that reasonable fits could be obtained for values of K 4 between 20 and 200 mM, with a shallow minimum at approximately 40 mM.
Mechanisms of Allosteric Modulator Binding
Allosteric modulators can bind to the symmetrical dimer interface on GluA2 at either one binding site or two, depending upon how the modulator is oriented in the subsites of the binding surface. For the purposes of this discussion, the signal will be the dimer of two LBD either in solution or in the intact receptor. Fitting data to a full model including binding to both monomer and dimer did not produce significantly better fits than fitting to a model assuming binding to the dimer alone, so the subsequent discussion will assume binding to the dimer. A more detailed treatment of the differences between models is given at the end of this section. The presence of agonist will be assumed in all cases. This is relevant mainly to the intact receptor in that, in presence of agonists and in the absence of modulator at equilibrium, the nondimer form is favored. For the LBD in the absence of modulator, equilibrium strongly favors the monomer.
In the case of the intact receptor, the formation of the dimer interface can be viewed as an equilibrium between two forms of the receptor: Rʹ′ is the desensitized form where the dimer interface is disrupted and R is the form with the intact dimer interface. The importance of this is that the binding of a modulator is independent of receptor concentration. In the case of the LBD, the dimer is formed by the binding of two proteins (R + R), so that the dimerization would be dependent upon the concentration of the LBD. Each of the four cases will be presented followed by a comparison of the predicted results.
One binding site per dimer interface, intact receptor: The binding mechanism, assuming no binding to dissociated dimer (R 2 ʹ′), is given by:
Solving for the fraction of receptors with intact interface (R 2 + R 2 L):
) and L is the free concentration of modulator.
One binding site per dimer interface, LBD: The binding mechanism, assuming no binding to the monomer (R), is given by:
Solving for the fraction of dimer:
Where, is the fraction of dimeric receptors (2R 2 + 2R 2 L)/(2R 2 + 2R 2 L + R), R is the free concentration of the monomeric form of the LBD, and L is the free concentration of modulator. The factor of two arises from the fact that two individual monomers make up the dimer. Because the concentration of R is dependent upon L, this form of the equation is not very useful. Using the quadratic equation, however, it can be expressed in terms of the total receptor concentration expressed as a monomer (R t ):
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Two binding sites per dimer interface, intact receptor: The binding mechanism, assuming no binding to dissociated dimer (R 2 ʹ′), is given by:
S7
Assuming no cooperativity of modulator binding:
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Solving for the fraction of associated dimer (R 2 + R 2 L + R 2 L 2 ):
Where, is the fraction of dimer and L is the free concentration of modulator.
Two binding sites per dimer interface, LBD:
The binding mechanism, assuming no binding to dissociated dimer, is given by:
S10
S11
Where, is the fraction of dimer, R is the monomeric form of the LBD, and L is the free concentration of modulator. The factor of two arises from the fact that two individual monomers make up the dimer. Again the concentration of R is dependent upon L; but the quadratic equation, however, it can be expressed in terms of the total receptor concentration expressed as a monomer (R t ):
Comparison of one site vs. two sites, intact receptor: The important point to note is that the dimerization, rather than the binding of modulator, is measured, so that the signal arises both from the modulator-free dimerized state as well as the modulator-bound dimerized state. Considering first the one site model for the intact receptor (equation S1), the level of dimerization in the absence of modulator is given by 1/(K 4 +1), which is R = A in Figure S1 ; and 50% dimerization is reached at a free modulator concentration equal to K 3 (K 4 -1). This formulation only makes sense for K 4 greater than 1, since when K 4 is equal to 1, the receptor is already 50% dimerized in the absence of modulator. What we really want to know is the halfmaximal effect of the modulator, that is, the modulator concentration that gives a degree of dimerization halfway between the dimerization in the absence of modulator and complete Figure S1 ). We can call this the EC 50 and it is reached at a free modulator concentration equal to Comparison of the concentration dependence of the intact receptor and LBD: From equations S6 and S14, the EC 50 for dimerization of the LBD can be determined in terms of the equilibrium constants. The difference between the LBD and the intact receptor is that the EC 50 and the dimerization in the absence of modulator for the LBD is also dependent upon the total receptor concentration. The dimerization in the absence of modulator, is given by:
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This is the same whether one or two binding sites are present. Considering first one binding site model, the point of 50% dimerization is the modulator concentration equal to:
for K 4 /R t > 1. The EC 50 is somewhat more complex:
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Unlike the case of the intact receptor, the EC 50 is dependent upon the total concentration of the LBD (R t ), with a decreasing EC 50 as the concentration of LBD increases. Note that the 4 and -1 in S17 can be simplified to 3, but it is left in this form for comparison to equation S19. 
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For the two binding site model (K 4 /R t > 1), the point of 50% dimerization is the modulator concentration equal to:
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The EC 50 for the two-site model is:
Clearly, the EC 50 for the two-site model will always be lower than that of the one-site model.
Apparent cooperativity of modulator-dependent dimerization:
A measure of cooperativity is the modulator concentration required to produce 80% dimerization (EC 80 ) divided by EC 20 . EC 80 and EC 20 are measured between dimerization in the absence of modulator and full dimerization (see Figure S1 ). If one considers a simple Hill equation, this ratio would be 16 for a Hill slope of one. A value higher than this would be consistent with apparent negative cooperativity and a value less than this, with apparent positive cooperativity. As expected for the one binding site model for the intact receptor, the ratio is 16:
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For the two-site model with the intact receptor, apparent cooperativity is always positive (ratio is between 10.472 and 4, for K 4 = 0 to K 4 approaches infinity) and dependent upon K 4 (i.e., the ratio decreases and apparent positive cooperativity increases with increasing K 4 ):
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Considering now the LBD with one binding site, the cooperativity depends upon both R t and K 4 :
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If R t >> K 4 , the ratio approaches 42.6667, and if K 4 >> R t , the ratio approaches 64 (apparent negative cooperativity in all cases). If R t >> K 4 , the LBD is essentially dimeric in the absence of allosteric modulator.
Considering now the LBD with two binding sites, the cooperativity also depends upon both R t and K 4 :
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If R t >> K 4 , the ratio approaches 16 (no cooperativity), and if K 4 >> R t , the ratio approaches 8 (apparent positive cooperativity).
Rationale for the use of the model assuming binding to the dimer: Assuming a one-binding site cyclical model, the modulator-bound dimer can be reached either by dimerization of the LBD (i.e., R) followed by binding to the dimer (Path A) or binding to the monomer followed by dimerization with an modulator-free LBD (Path B). Both Path B and the cyclical model would predict a decrease in dimerization at high modulator concentrations because the concentration of free R would become depleted and not be available to bind to RL.
The dimerization functions for the three models are:
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Path A: Path B:
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For Path B, no dimerization would be expected in the absence of modulator, but for Path A and the full model, the dimerization in the absence of modulator is:
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For Path A, the fraction of dimerized protein should approach 1 monotonically as the modulator concentration increases ( Figure S3A ). For Path B and the cyclical model, the dimerization is nonmonotonic, increasing up to a point (L = K 1 ) and then decreasing to zero at infinite modulator Figure S3C ). The data obtained with SAXS are monotonic, with the caveat that the concentration of allosteric modulator is limited by solubility. The question then is whether the modulator can bind to the monomer (Path B), dimer (Path A) or both (Cyclical Model). A strict adherence to Path B is unlikely because some dimer is present in the absence of allosteric modulator 2 and micromolar binding of modulator has been measured to a constitutive dimer.
11 For the HFMZ data, the maximum for Path B would have to be greater than 10 mM (on the order of 50 mM or greater). Since the maximum is dependent upon K 1 , this restrains the value of K 1 for this model to 50 mM or greater. In order to place the maximum near one, the K 2 equilibrium would have to favor the dimer (i.e., K 2 would have to be small relative to R t ). If we then allow binding to both monomer and dimer, the relationship between K 3 and K 4 is fixed because K 1 K 2 = K 3 K 4 . Since the degree of dimerization in the absence of modulator is small, K 4 must be large relative to R t , at least on the order of several mM or greater (Sun et al. 2 estimated the value to be 6 mM using analytical ultracentrifugation). Assuming that a small fraction of dimer exists in the absence of allosteric modulator, then the value of K 3 would have to be low relative to K 1 . Thus, binding to the preformed dimer would be of higher affinity than binding to the monomer. In this regime, the predictions of the three models are very similar, with Path A being monotonic and Path B and the cyclical model peaking at 50 mM or greater ( Figure  S3D ). The data can be effectively and most simply modeled with the equations for Path A, realizing that low affinity binding to the monomer remains a possibility. 
Extension to two binding site model:
The analysis above is based on the one binding site model. Equations of the same form can be extended to the two binding site model. For this, at least two possibilities exist when considering binding to the monomer (Figures S6A & B) . The first possibility would be to assume that the modulator bound only to one of the two halves of the monomer. For example, we might assume that the modulator could only bind to one half of the two symmetrical sites on the dimer interface (Site 1 or 2 in Figure S6C ). In this case, the model is relatively simple ( Figure S6B) , with three unique equilibrium constants (assuming no cooperativity in binding); however, the curves have the same form for Path A, Path B and the full model. This would not be diagnostic for determining if binding can occur to the monomer.
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The more general possibility would be that the modulator could bind to either site on the monomer with different affinities. This would result in a model with twelve equilibrium constants ( Figure S6A ), which could be reduced to eleven with the assumption of no cooperativity of binding. With consideration of detailed balance, the number of unique constants can be reduced to five. Using this model, it is possible to generate curves that are nonmonotonic, but the SAXS data were fit well to a model with two adjustable constants and would not be well constrained with a model using five adjustable constants. The main difference between the one binding site model and the two binding site model is that the possibility of autoinhibition for the one binding site model arises simply from the possibility that the modulator can bind to the monomeric form. For the two binding site model, autoinhibition would not occur in the absence of binding to the monomer or if binding to the monomer were exclusively to one of the two sites ( Figure S6B ). Only by assuming that both of the sites (sites 1 and 2 in Figure S6C ) can be occupied in the monomer, can autoinhibition be generated. to either half of the site (RL or RLʹ′), and if it binds to both halves in the monomer, two modulators could be bound to a monomer (RL 2 ). If RL or RLʹ′ can exist, then only RL can bind to RL to form R 2 L 2 and likewise only RLʹ′ and RLʹ′ can bind, which would also from R 2 L 2 . Also, RL 2 can bind to a free R to form
